Aim: To synthesize the evidence relating to the ability of specialist care home support services to prevent the hospital admission of older care home residents, including hospital admission at the end-of-life.
| INTRODUCTION
In recent decades, most high-income countries have sought to shift the balance of care towards the community, enabling older people to "age in place" (World Health Organization (WHO), 2015) . Nevertheless, global population aging is predicted to lead to a significant increase in the demand for care homes (variously known as nursing homes, long-term care facilities, residential facilities, aged care facilities and assisted living facilities in different countries) (Kingston et al., 2017; Pickard et al., 2007; WHO, 2015) . Projections suggest that over the next 30 years, the number of care home places in countries including the UK, Australia and the US will need to grow by more than 100% (Center to Advance Palliative Care, 2008; Ferris, 2013; Wittenberg, Comas-Herrera, Pickard, & Hancock, 2004) .
Care home residents are frequently frail with high levels of disability and a complex mix of chronic physical and mental health problems (Boyd, Bowman, Broad, & Connolly, 2011; Gordon et al., 2014; Lievesley, Crosby, & Bowman, 2011) . They are also subject to polypharmacy (Gordon et al., 2014; Vetrano et al., 2013) . A 2011 inquiry by the British Geriatrics Society identified dementia, stroke, degenerative neurological conditions, advanced cardiorespiratory disease, cancer and arthritis as the most common conditions experienced by care home residents and noted that these were often accompanied by loss of appetite or difficulty in eating and drinking, resulting in malnutrition and dehydration. For many residents the optimum approach is thus end-of-life care, although this population is also highly susceptible to acute illness (British Geriatrics Society (BGS), 2011; Dwyer, Gabbe, Stoelwinder, & Lowthian, 2014) .
Healthcare provision for older care home residents varies from country to country, reflecting different funding incentives, national infrastructures and available resources (Briggs, Robinson, Martin, & O'Neill, 2012; Froggatt et al., 2017) . In the UK, most care home residents' medical care is coordinated by General Practitioners (GPs or primary care physicians) few of whom have received special training in the care of older people, or have the time and resources to provide the individualized approach required (BGS, 2016; Briggs et al., 2012; Goldman, 2013) . Further, less than a third of the 18,000 care homes are registered to provide nursing (Bowman & Meyer, 2017) and there is no stipulation for care home nursing staff to have any particular expertise in the care of older people (Hayes & Martin, 2004) . In contrast with previous decades when older people with chronic ill health were typically cared for by specialist staff in longstay hospital wards (Carter, 2011) , it can thus be difficult for care home staff to access appropriate and timely healthcare support for their residents, resulting in the under-detection of potentially treatable conditions, avoidable hospital admissions and a lack of resident choice as to place of death (BGS, 2011; Carter, 2011; Iliffe et al., 2016; NHS England, 2015; Public Health England, 2013) . Moreover, this situation is not unique to the UK. Similar concerns have been voiced in many countries and there have been widespread calls for more specialized models of support (Briggs et al., 2012; McAndrew, Grabowski, Dangi, & Young, 2016; Tolson et al., 2011 ).
| Background
In recent years a range of service models has been developed to provide additional healthcare support for care home residents in the UK (Burns & Nair, 2014; Donald et al., 2008; Gordon, 2015) . Several of these have sought to enhance standard primary care. In some localities, for example, each care home has been allocated a specific GP (Goldman, 2013; NHS England, 2015) ; in others, care home specific medical practices deliver primary care for all care home residents; whilst in still others GPs receive additional payments for activities over and above standard care, including additional reviews of care home residents and regular, scheduled visits (Burns & Nair, 2014; Goldman, 2013; NHS England, 2015) .
Other initiatives have sought to create partnerships between primary and secondary care, supplementing and supporting the work of primary care practitioners with input from other professional disciplines (Burns & Nair, 2014) . In one initiative, for example, geriatricians held fortnightly medical advisory meetings with GPs and community pharmacists and offered daily telephone advice (Lisk et al., 2012) , whilst the literature contains several examples of dedicated multidisciplinary care home support teams, involving a mix of nursing, medical and other practitioners (Clarkson, Hays, Tucker, Paddock, & Challis, 2018; Hayes & Martin, 2004; Joseph Rowntree Foundation, 2008) . In light of concerns about residents' complex drug regimes and high levels of medication errors in care homes (Ferrah, Lovell, & Ibrahim, 2017; Oscanoa, Lizaraso, & Carvajal, 2017) , other initiatives have explored the potential benefits of pharmacist-led services to oversee the management of residents' medication (Crotty, 2007; Furniss et al., 2000) . The majority of initiatives undertake the specialist assessment of care home residents and provide advice and support for staff. However, a minority focus solely on upskilling care home staff (Butler, 1997; Clarkson et al., 2018; Lewis & Jones, 2002) . Similar initiatives have been trialled internationally (Clarkson et al., 2018) . For example, Pain, Stainkey, and Chapman (2014) , described an in-house model of general practice in Australia whereby Why is this review needed?
• Inadequate healthcare services for older care home residents result in the under-detection of potentially treatable conditions, avoidable hospital admissions and a lack of resident choice as to place of death.
• Although a range of specialist care home support services is emerging, many of which involve nurses, little is known about the relative effectiveness of different service models.
• This review will synthesize the evidence on the ability of specialist care home support services to reduce hospital admissions and enable care home residents to remain at the care home at the end-of-life. a core group of GPs were rostered to provide weekly sessional clinics in a care home, whilst as part of the Evercare demonstration programme in the US, nurse practitioners assessed and managed residents on an ongoing basis, supplementing the support provided by primary care practitioners (Kane, Keckhafer, Flood, Bershadsky, & Siadaty, 2003) . Comparable services have been described in Canada (Klaasen, Lamont, & Krishnan, 2009; McAiney et al., 2008) and pharmacy-led services have been reported in countries including Spain, Australia and the US (Crotty et al., 2004; Maack, Miller, Johnson, & Dewey, 2008; Martínez, Mondéjar, Gómez, & Torres, 1995) . Other countries, including Hong Kong, Singapore and Sweden, have explored the use of telemedicine to deliver specialist geriatric services to nursing home residents via videoconferencing (Hofmeyer et al., 2016; Hui & Woo, 2002; Janardhanan, Leow, Chio, Kim, & Soh, 2008; Sävenstedt, Bucht, Norberg, & Sandman, 2002; Wade, Whittaker, & Hamlyn, 2015) Several core activities for specialist healthcare support services for care homes have been identified. These include the comprehensive assessment of new residents; regular, structured multidimensional reviews; medication reviews; falls prevention; advance care planning and end-of-life care (Burns & Nair, 2014; Joseph Rowntree Foundation, 2008) . There is considerable congruence in the outcomes such interventions seek to achieve, not least of which is a reduction in the number of hospital admissions, including admissions at the endof-life, which have been identified as indicators of good quality care for care home residents (Dwyer et al., 2014; Grabowski, Stewart, Broderick, & Coots, 2008) . Although the rate of care home residents admitted to hospital varies between studies, it is often high. In a review by Grabowski et al. (2008) , the rate of admissions from nursing homes ranged from 9% to 59%. Indeed, a recent UK study found care home residents had 40%-50% more emergency admissions than the general population aged 75 plus (Smith, Sherlaw-Johnson, Ariti, & Bardsley, 2015) . Although admission to hospital for acute illness or injury may be clinically appropriate, the hospital admission of older people has been associated with several adverse effects, including a deterioration of functioning, falls, confusion and infection (Agotnes, Jacobsen, Harrington, & Petersen, 2016; Arendts, Jan, Beck, & Howard, 2017; Dwyer et al., 2014; McAndrew et al., 2016) . Moreover, as many as 40% of care home residents who die in hospital do so within 24 hr of admission, suggesting many of these admissions may be inappropriate (Ong, Sabanathan, Potter, & Myint, 2011) .
Despite general agreement on the need to reduce avoidable hospital admissions, including admissions at the end-of-life, the extent to which specialist healthcare support services can achieve such outcomes is not clear. To date, most systematic reviews appear to have focused on the effectiveness of specific activities, such as optimizing prescribing (Alldred, Kennedy, Hughes, Chen, & Miller, 2016; Forsetlund, Eike, Gjerberg, & Vist, 2011; Thiruchelvam, Hasan, Wong, & Kairuz, 2017; Wallerstedt, Kindblom, Nylén, Samuelsson, & Strandell, 2014) or palliative care interventions (Hall, Kolliakou, Petkova, Froggatt, & Higginson, 2011) , both of which appear to show promise, although the included studies are generally of poor quality and have heterogeneous designs and interventions. In contrast, other reviews have focused on a wider range of interventions designed to achieve particular outcomes. For example, Graverholt, Forsetlund, & Jamtvedt's 2014 review of interventions to reduce the acute hospital admission of nursing home residents included interventions ranging from standardizing clinical practice to input from specialist geriatric services to vaccination for influenza.
Until now, reviews of specialist healthcare services for care
homes have been few in number and inconclusive. For example, a systematic assessment of the evidence for integrated working between care homes and healthcare staff concluded that the heterogeneity of interventions, methodology (quantitative and qualitative) and outcomes precluded any robust conclusions about the outcomes of different approaches (Davies et al., 2011) . Similarly, a systematic evidence review of the UK literature on partnership working between GPs, other healthcare professionals and care homes found little robust evidence on resident outcomes from studies comparing these models to usual GP care (Goldman, 2013) , whilst a 2015 evidence briefing on interventions to reduce unplanned admissions failed to identify any systematic reviews of community geriatrician services for residents (Centre for Reviews and Dissemination, 2014).
The latter did, however, highlight some promising case reports of geriatrician and multidisciplinary initiatives, although there was no systematic search for these.
In summary, to date most reviews have focused on particular types of intervention or specific outcomes, with less attention given to the way that specialist input is organized and structured in terms of the relative effectiveness (and cost-effectiveness) of different practice arrangements. There is then a need for an international comprehensive systematic review which takes a systems perspective and compares the effectiveness of different ways of working in reducing hospital admissions, including admissions at the end-of-life. An increased understanding of the relative effectiveness of different models of care home support will enable service planners and commissioners to make better informed decisions about the form and content of specialist healthcare support for care home residents.
| TH E R EVIEW

| Aims
This review builds on an earlier systematic review of the organization, activities and responsibilities of specialist healthcare services to care homes. Services were classified into different models of support and examples were given of their relative effectiveness with respect to a wide range of resident and process outcomes TUCKER ET AL.
| 445 (Clarkson et al., 2018) . The current review updates the earlier review and develops it further by systematically identifying, appraising and synthesizing the available evidence on two specific outcomes -the ability of specialist care home services to prevent the inappropriate hospital admission of older, long-term care home residents and to enable them to remain in the care home at the end-of-life (as compared with "usual care"). The secondary aims are to establish whether identifiable subgroups of services produce different resident outcomes; to explore the extent to which descriptions of "usual" or "standard" care vary; and to identify service costs. This work forms part of a wider study of the 
| Design
A systematic literature review and narrative synthesis will be undertaken following established guidance (CRD, 2009; Rutter, Francis, Coren, & Fisher, 2010) . This paper details the protocol for the review in accordance with the PRISMA-P (protocol) statement Shamseer et al., 2015) . The protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO) on 9 November 2017 and was last updated on 1 March 2018 (Reference CRD42017081161).
| Inclusion and exclusion criteria
Studies will be selected according to the criteria below.
Types of studies
Include: All empirical research studies and service descriptions published in peer-reviewed journals which provide comparative quantitative data on our primary outcomes e.g., randomized controlled trials (RCTs), cluster randomized trials, controlled (non-randomized) clinical trials or cluster trials and controlled before and after studies.
Exclude: Commentaries, opinion pieces and descriptive articles without relevant empirical data.
Types of settings
Include: Care homes for older people with or without nursing, including care homes for older people with dementia.
Exclude: Studies concerned solely with the provision of care in hospital settings, individuals' own homes or other community settings.
Types of participants
Include: Older people (with or without dementia) permanently resident in care homes. Specifically, people aged 60 or over, samples with a mean/median age of 69 plus where age is reported, and samples described as samples of older people where age is not reported.
Studies encompassing both older and younger, or long and shortstay care home residents will be included if data for permanent older residents are reported separately.
Exclude: Studies of younger and short-stay care home residents only.
Types of interventions and comparisons
Include: All studies of specialist services specifically designed to address the physical healthcare needs of older long-stay care home residents. This will include enhanced General Practitioner services, dedicated mono or multidisciplinary care home support teams, pharmacist-led services and specialist input from palliative care teams, including telecare support services. Studies of specialist care home physicians or other practitioners embedded in/employed by care homes will also be included.
Exclude: Services/interventions specifically designed to address the care home residents' mental health needs.
Where information is available, the service or intervention will be compared with "standard" or "usual" care as described by the author/s. Alternatively, comparisons will be made with the service provided before the introduction of the service/intervention.
Types of outcomes
Include: Studies that report information on hospital admission and/or place of resident death (e.g., care home or hospital). Hospital admission data may relate to planned or unplanned admissions or readmissions, but these outcomes will be reported separately.
Exclude: Studies that do not contain data on either of the above outcomes.
For studies that meet all the inclusion criteria, information will also be collected on service costs where reported.
| Search methods
The search strategy will replicate and build on the strategy used in the aforementioned earlier review of studies of specialist healthcare services provided to care homes published between 1990 and 2010 (Clarkson et al., 2018) . As such it will synthesize the evidence from the point at which responsibility for the placement of people in care homes was transferred to adult social care (Department of Health, 1989) . First, new (post 2010) related systematic reviews will be identified by searching the Cochrane Database of Systematic Reviews (CDSR), the Database of Abstracts of Reviews and Effectiveness A specific search strategy will be developed for each database using medical subject headings (MeSH) and text words relating to four search blocks. These have been developed by the research team and reviewed by staff in the University of Manchester Library's Systematic Review System service who deemed them comprehensive and robust. The first three blocks will mirror those used in the original review i.e., care homes, healthcare and older people (updated to reflect any newly identified terms), whilst the fourth relates to the outcomes of interest i.e., hospital admission and place of death. The terms in each search block will be combined using the OR function and the blocks will be combined with the AND function. All searches will be limited to the English language, but no geographical restrictions will be applied. An example search strategy is provided in Supporting Information Data S1.
Additional publications will be identified by scrutinizing the reference lists of related systematic reviews, included studies and other relevant publications and a cited reference search of the included studies will be undertaken in Web of Science. A list of the selected papers will be sent to care home experts identified by the research team with a view to identifying any omissions. Where required, authors of relevant studies will be contacted to clarify published data or seek unpublished results.
Study selection
The study selection process will have three stages, mirroring the initial review (Clarkson et al., 2018) . First, the title, abstract and publication details (journal, year of publication and author list) of the records retrieved via the electronic searches will be downloaded to an Excel worksheet and their author lists and titles scanned in ascending order to identify and remove duplicates.
Second, a bespoke screening tool based on the above inclusion/ exclusion criteria will be developed and the title and abstracts of at least 100 randomly selected records will be screened by three reviewers (DB, ST and another) together to identify those publications that clearly do not meet the study inclusion criteria (e.g., which do not concern the healthcare of care home residents). The remaining references will then be screened by two reviewers independently (DB and ST or another) . Any discrepancies will be resolved through discussion or appeal to a third reviewer and the reasons for any exclusion will be recorded.
Third, the full text of all the newly identified publications that appear to meet the inclusion criteria or about which there is uncertainty, plus the references identified in the initial review (Clarkson et al., 2018) , will be read by two independent reviewers (DB and ST) to establish whether they meet the full study inclusion criteria. Any discrepancies will again be resolved through discussion between the reviewers or appeal to the wider study team and reasons for exclusions will be recorded. Included studies will be given a unique identification (ID) number and related publications arising from the same empirical study will be tagged to avoid over counting or inflation of studies.
Data extraction
A specially designed data extraction form will be developed to systematically extract information on studies' ID, aims, design, methods, participants, interventions/services, comparison interventions/services and outcomes, including the results of any statistical comparisons or tests. Further, each intervention/service will be classified according to two taxonomies of specialist care home support services developed by the research team from a national survey of healthcare support for care homes (Challis, Hays, Clarkson, & Tucker, 2013) . The contents of the form will be tested and refined on a sample of five studies by two review authors (DB & ST) before full data extraction commences.
Two reviewers will be involved in the data extraction process.
One researcher (DB) will extract data from each eligible included study and a second reviewer (ST) will check the data entry for accuracy, consistency and agreement. Missing information will be sought from corresponding authors wherever possible. Any disagreements will be resolved by discussion or by appeal to a third reviewer.
Where multiple reports are identified from the same study, information extracted from individual publications will subsequently be combined into a single study record and study authors will be contacted to resolve any inconsistencies. For those publications identified in the original review (Clarkson et al., 2018) , information will only be extracted on the newly added variables (primarily those relating to studies' outcomes).
Quality appraisal
The methodological quality of the studies detailed in the included papers will be independently assessed by two reviewers (DB and ST) using the Effective Public Health Practice Project (EPHPP) Quality Assessment Tool (Thomas, Ciliska, Dobbins, & Micucci, 2004) . This generic tool is considered suitable for the appraisal of a wide range of quantitative studies and covers six domains, each of which is rated as strong, moderate or weak: selection bias; study design; confounders; blinding; data collection method; and withdrawals and dropouts. Each study is then allocated a global rating -strong, moderate or weak -depending on the number of domains assessed as weak (strong -no weak rating; moderate -one weak rating; weak -two or more weak ratings) (Armijo-Olivo, Stiles, Hagen, Biondo, & Cummings, 2012; Jackson & Waters, 2005; Thomas et al., 2004) . Where two or more publications relate to a single study, these will be considered together, producing a single global rating for each study. Any disagreements between reviewers will be resolved through discussion or by appeal to a third reviewer.
Data synthesis
It is anticipated that the included studies will vary significantly in type and method, precluding the opportunity for meta analyses, although if possible and where data lends itself, this would be performed. A pragmatic, narrative summary of the evidence relating to the primary and secondary study outcomes is therefore planned. Where multiple papers have reported data from the same study, information will be tabulated from each citation into one record. Evidence will be grouped according to the type of outcome assessed. Information on the effectiveness of specialist healthcare services for care homes to: (a) prevent hospital admissions; and (b) enable care home residents to remain in the care home at the end-of-life (the main outcomes of concern) will be presented in both tables and text. Service cost information (where TUCKER ET AL.
| 447 available) and descriptions of standard or usual care will be reported only in the tables and the extent to which identifiable subgroups of services produce different resident outcomes will be explored only in the text. Whilst the tables will report information from all included studies, the narrative summary and discussion will give more weight to studies considered of moderate or strong methodological quality, with any references to studies given a low quality rating highlighted with the superscript*.
| Ethical considerations
This study involves a review of secondary data from primary research studies. As such, there are no ethical issues of concern.
| Validity and reliability
This protocol has been developed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist Shamseer et al., 2015) and includes several measures to enhance the validity and rigour of the review (Centre for Reviews and Dissemination, 2009; Rutter et al., 2010) :
• Searches will be undertaken in a broad range of databases;
• Specific search strategies will be developed for each database with the help of a specialist systematic review team;
• Study selection will be undertaken by two reviewers independently and pilot testing will be undertaken to ensure that inclusion/exclusion criteria are consistently applied;
• Study authors will be contacted for missing data and to clarify any ambiguities;
• Quality ratings will be undertaken by two reviewers independently using a recognized quality checklist (the EPHPP); and • Data will be reported following the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines .
| DISCUSSION
Care provided for older people in care homes is predominantly undertaken by qualified nurses, or by nursing assistants or health or social care assistants under their leadership and management, whilst experienced nurse practitioners are key members of many specialist care home support services. As such, care of older people in care home settings, its delivery, effectiveness, quality assurance and monitoring is a key aspect of nursing nationally and internationally.
This review is designed to increase understanding of the extent to which different models of specialist healthcare support for care homes which seek to address the physical healthcare needs of older long-stay care home residents are associated with a reduction in hospital admissions, including hospital admissions at the end-of-life. As such it is anticipated that it will add significantly to the existing knowledge base about emergent models of support for care homes. In particular, it will yield information with direct implications for health and social care planners and commissioners seeking to promote arrangements which facilitate the delivery of timely and appropriate healthcare services for care home residents internationally and the more efficient use of acute hospital beds. These are major policy objectives in many high income countries (Agotnes et al., 2016; Tolson et al., 2011) .
| Limitations
Preliminary searches have identified three potential difficulties in performing the review. First, a lack of detail in the description of the intervention or outcomes of certain studies may lead to their being inadvertently excluded. To mitigate this, wherever possible the authors will contact the studies' authors to clarify their in/exclusion.
Second, a lack of consistency in different studies' classification of hospitalizations may make it difficult to compare different studies' findings. Maximum detail will thus be extracted about studies' outcomes, with a view to providing the necessary contextual detail in the writeup. Third, it may be that only a small number of studies provide evidence on residents' place of death. In this scenario the review will establish the case for more specific research in this area in addition to that identified from the overall review.
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